Abstract
attempt to continuously measure soil CO 2 concentrations in a seasonally dry tropical forest to 27 describe diel patterns of soil CO 2 and respiration. Here we used solid-state CO 2 sensors and the 28 gradient flux method to calculate soil respiration following the unexpected pass of hurricane 29
Wilma at the Yucatán Peninsula, Mexico. Mean annual soil respiration for the year following the 30 hurricane was 10.4 µmol CO 2 m -2 s -1 with a cumulative soil respiration of 3821 g CO 2 m -2 y -1 . 31
Soil CO 2 concentrations returned to pre-hurricane levels after 6 months at 16 cm depth, however, 32 soil CO 2 remained higher at 2 and 16 cm depth one year after the event. Contrary to previous 33 studies, our results showed that soil respiration was 18% higher one year after the hurricane than 34 during the same dates before the event. Diel patterns of soil respiration were decoupled from soil 35 temperature with higher values at night between 2400 and 0600 hrs. Between 67 and 70% of 36 total soil respiration was produced in the 2-8 cm layer, and this contribution was relatively 37 constant across the sampled year and before the hurricane. We found seasonal shifts in the 38 amplitude and shape and of diel hysteresis effects of soil respiration suggesting that other 39 biophysical mechanisms regulate daily patterns of soil respiration other than soil temperature 40 alone in this tropical forest. 41 Introduction
47
Hurricanes are among a suite of large, infrequent disturbances that have immediate, and 48 long-range impacts on local ecosystems and ecosystem functioning [Turner and Dale, 1998 ]. 49
Large disturbances are unpredictable in space and time so studies on the immediate dynamics of 50 theses disturbances are rare. Hurricanes impact aboveground forest biomass by defoliating and 51 uprooting trees, and by damaging branches and stems [Walker, 1991; Whigham et al., 1991; 52 Basnet et al., 1992] . Subsequently, hurricanes lead to a rapid redistribution of soil nutrients and 53 belowground biomass due to large inputs of litter and changes in fine root density [Silver and 54 Vogt, 1993; Herbert et al., 1999; Ostertag et al., 2003; Beard et al., 2005] . However, it is unclear 55 how hurricane disturbances may affect soil respiration rates because of the limited opportunities 56 to study these unexpected events [Steudler et al., 1991; Li et al., 2007] . 57
Furthermore, there is a lack of understanding of diel patterns of soil CO 2 dynamics in 58 tropical forests. The study of diel patterns of soil respiration is crucial for a mechanistic 59 understanding of the physical and biological processes that regulate soil respiration. Soil 60 respiration is the result of heterotrophic (i.e. decomposers) and autotrophic respiration (i.e. 61 respiration of living roots and mycorrhizal fungi), and is a key factor for understanding the 62 responses of terrestrial ecosystems to climate change [Raich and Schlesinger, 1992 To model soil respiration, we used a CO 2 gradient flux method similar to Tang et al. 142
[2005b], and we will refer to these values as 'soil respiration' throughout the text. Briefly, 143 measurements of CO 2 concentration from the sensors were corrected for temperature and 144 pressure according to the manufacturer (Vaisala, Finland). We used Fick's first law of diffusion 145 where the diffusivity of CO 2 was corrected for temperature and pressure [Jones, 1992] , and 146 calculated as a function of soil volumetric water content, soil porosity, and soil texture according 147
to Moldrup et al. [1999] . Soil respiration values from the gradient flux method were compared 148 with diel soil respiration values at the onset of the experiment at six locations surrounding the 149 soil CO 2 sensors using a soil respiration system and a soil chamber: LI-6200 and LI-6000-09, 150 respectively (LI-COR Inc. Lincoln, NE). For these measurements the litter layer was removed. 151 152
Soil Respiration Data Analysis 153
We analyzed the data according to seasonality at our study site: pre-hurricane data 154 . We observed large fluctuations 217 in soil respiration after the hurricane event that seemed to correspond with wetting and drying of 218 the soil (Figure 2c ). Fluctuations in soil respiration were mainly associated with changes in 219 VWC and secondarily with changes in soil temperature ( Soil CO 2 concentration varied from ca. 5000 ppm to ca. 8500 ppm at 16 cm, between ca. 227 4000 ppm to 8000 ppm at 8 cm, and from ca. 1500 to 6000 ppm at 2 cm depth between 228 
Discussion

266
Impacts of large, infrequent disturbances are among the most difficult events to study, as 267 they are unpredictable in space and time, but are critical to understanding the functioning of 268 ecosystems [Turner and Dale, 1998 ]. Soils have usually been ignored while studying hurricane 269 disturbances and this study is one of the first attempts to study soil CO 2 dynamics following a 270 hurricane event [Steudler et al., 1991; Li et al., 2007] . Furthermore this is the first study that 271 report automated measurements and diel patterns of soil respiration in a seasonally dry tropical 272 forest (SDTF). In addition, we described the output from automated measurements that we could 273 not undertake by hand up to one day before maximum winds, and contrast the post-hurricane 274 data against our dataset obtained prior to the event. Our data show that soil CO 2 concentrations 275 13 returned to pre-hurricane levels after 6 months at 8 and 16 cm depths, however, soil CO 2 276 remained higher at 2 cm even after 10 to 14 months of recovery. We found that the diel patterns 277 of soil CO 2 concentration, at all depths, and soil respiration were decoupled from soil 278 temperature with higher concentrations and rates at night. Our data shows significant seasonal 279 shifts in amplitude and shape of hysteresis effects in soil respiration. In addition, our results 280 showed that soil respiration was 18% higher one year after the hurricane than during the same 281 dates before the event. our study site suffered considerably more damage from a hurricane category IV compared to the 286 hurricanes category I and II in those studies. We found that diel patterns of soil temperature, soil 287 CO 2 concentrations and soil respiration were different one year after the hurricane compared to 288 pre-hurricane levels. It is clear that additional long-term studies, using automated measurements 289 of soil respiration, are needed to better understand recovery after hurricane damage and 290 interannual variability in SDTF. 291
Our data provide information of soil CO 2 concentration dynamics up to 50 hours before 292 the lowest barometric pressure while the eye of the hurricane crossed our study site. This is the 293 first report of continuous soil CO 2 measurements during a hurricane event, and shows the 294 potential of automated measurements to study soil processes during large-scale disturbances 295 [Allen et al., 2007] . Soils were saturated and we observed an increase in concentration especially 296 at 2 cm depth. The soil CO 2 profile remained at steady state during the hurricane event and 297 during all wetting and drying events throughout the sampled year [Vargas, 2007] . These results 298 14 contrast with other ecosystems where the steady state assumption of CO 2 concentration in the 299 soil is not valid during rain events [e.g. Tang et al., 2005b] . This may be a unique characteristic 300 of our site with high organic and shallow soils, but further research is needed to fully understand 301 soil CO 2 production in different ecosystems under different environmental conditions. 302
Although our soil respiration system failed during the hurricane event due to the strong 303 winds, we observed that litter rapidly decomposed following the hurricane (less than 2 months) 304 producing between 2 and 3.3 Mg C ha -1 [Vargas, 2007] . One month before the hurricane litter 305 biomass was 1258 g m -2 , we estimate a litter input of 743 g m -2 during the hurricane, and two 306 months after the event litter biomass was reduced to 887 g m -2 [Vargas, 2007] . soil temperature may be a better predictor of soil CO 2 concentrations and soil respiration rates 330 because soil CO 2 production may be related with temperature in a mature tropical forest 331 [Schwendenmann and Veldkamp, 2006] . 332
We found that diel soil respiration was decoupled from soil temperature with higher 333 respiration rates at night. We found a diel difference between 1 and 4 °C at 8 cm depth in soil 334 temperature at our study site. During 2006, despite the small difference in diel temperature 335 variation, diel differences in soil respiration were up to 9.7% at the same soil temperature. 336
Similarly, Stoy et al. [2007] found that the diel cycle of soil respiration was not always a clear 337 exponential function in tropical forests, but lower respiration rates were registered at night. To 338 our knowledge, this is the first report on diel hysteresis effects on soil respiration in tropical 339
forests. 340
The mechanistic explanation of this pattern is yet unclear, but several physical and 341 biological possibilities exist. The effect may be due to a lag in diffusivity of soil CO 2 in the soil 342 
Conclusions
380
Correctly interpreting the diel patterns in soil respiration in tropical forests still remains a 381 challenging task, but automated measurements of soil CO 2 concentrations have provided new 382 insights on the patterns of this process. This study is the first to report diel patterns of soil 383 respiration in a seasonally dry tropical forest and our results suggest that these patterns are 384 nonlinear and may be influenced by seasonality and wind disturbances. Furthermore, higher 385 respiration rates were measured at night suggesting that other biophysical mechanisms regulate 386 daily patterns of soil respiration other than soil temperature alone. At the seasonal scale, soil 387 water content appears to be the main driver for soil respiration rates and soil temperature has a 388 secondary role due to the low seasonal and interannual variation even after a hurricane event. 389
Our results contrast with previous studies as soil respiration was 18% higher one year after the 390 
